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TO FIND THE EftlTATION TO THE STRAIGHT LINE WHICH 
IS THE DIRECTION OF THE RESULTANT OF A SYS- 
TEM OF FORCES ACTING IN ONE PLANE. 



By G. B. M. ZEBR. A. M., Fh. D. 



This article is not presented with the idea of developing something new, 
but for the purpose of collecting the old together into a form convenient for the 
solution of such problems as the example given below. 

All the forces in one plane can be resolved into the resultant B acting 
through the origin and a couple H. 

Let G be the moment of the couple, 6 
the angle B makes with the axis of abscissas, 
P any one of the forces, /J the angle P makes 
with the axis of abscissas. Also, let X=-- 
Pcosi?, r=Psin/3. 

Then G^S.iYx-Xy), tan^=Sr/2X. 
Transform G into a couple having its two 
forces each— i^ : the one acting at directly 
opposite to B, and, hence, destroying it; the 
other, at a distance CO=G/B from the origin. 

G 

sr- 

The equation to the line required is, therefore, y=^tSinO(jc—OB) — 
(2r/2X)(x-(?/2r). 

:.y%X=x:S,Y-G (1). 



Then 



B ajl 




Problem. Each element of the arc of an elliptic quadrant is acted on by a 
force in the normal proportional to the ordinate of that point. Find the equation 
to the straight line along which the resultant acts. 

Let (m, w) be the coordinates of the point. 



Then y —n- 



i^ m 



(^x—m) is the normal. 



. tan /9= 



a-n 



'b^m' 



:. Gn cos/S 

C?isini9 = 



P^Gn, suppose. 



Gb'mn 



Gb^mn 



Ga'^n'' Gaht^ 



-X, 



GCa^—b^)n^m 



=r. 



ri.^ I / . I..N .,-, ^Yn-Xm, %X=\ Xds \ dn=-^\ Xds. 
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Similarly, Sr=^ f Yds, G=-S,(^Yx-Xy)=~ C iYx-Xy)ds, 

J J 

, l/[&*+ca2-62)MS]cfw a .,,» „. 

/I 
Substituting in (1) we get, ihCy—^naxG — 5-(a^ — 6^). 

o 

.-. 662/-35raa;+4a8 -46^=0. 

We generalize as follows : Suppose each element of the arc of the curve 
y=f(x), between the limits y=0 and t/=ft, (a;=A), is acted on by a force in 
the normal proportional to the ordinate of the point ; to find the equation to the 
line of action of the resultant. 

Let (m, w) be the point, and let i/{l+[/'(»w)]''}=D. 
dm 1 



Then tan/J-=- 



dn /'(»*)' 



.: X=Cn cos/?= •' J^ ' , Y=Cn%\a?~ — ^y , 



,^ ^. (7w[»M+w/'(w)] , Y>dn _,, 

D ' f (m) 

G r* n\m-\-nf (jm)']dn 



IJ kJ f (.'my kJ 



f(m) 



■■•<'-4i:m+*<^' 






is the equation to the required line. 

Consider the special example, /(a;):=2[/a!r, whence i/^=4aa;. Let the arc 
extend from the vertex to one extremity of the latus-rectum. 

:.k=2a, m—n'^/^a, f {m)—i/{a/m)=2aln. 



6 r* ndn _ &_ p" n'^dn &_ /•* nm dn _ 6^ r 

"TJ fjm)" 2aJ 2a "' k J /'(jmyYaJ , 

.-. 6a2/+4aa;=Ya'+8a'=^B^-a' . 

.*. 15y+l(te=26a, is the required equation. 



20 w* dM 12a« 
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